Built environments have a profound effect on public health as they provide the background on which individuals make decisions to address their mobility, resulting in the adoption of varying degrees of physical activity. This is a logical adjunct to the natural environment which may or may not be conducive to physical activity (PA). Because microclimates influence the use of outdoor space, the built environment is crucial in creating conditions that are amenable for PA. A sample of 1359 participants declared activity levels during summer and winter over two years, via the International Physical Activity Questionnaire. The results, presented in this paper: a) estimate that 39% of all physical activity takes place outdoors, denoting dependence on indoor environments; b) tests the measurement of PA in a standard, expedited way, allowing for seasonal monitoring; c) measures the seasonal difference between outdoor walking, thus quantifying the role of the weather. The study is the first on the topic in the Kingdom of Bahrain. It creates awareness for the relationship between built environment and public health, establishes directions and a foundation for future research, and baselines that may influence policymaking.
The tool used to measure the activity levels of the population was the International Physical Activity Questionnaire (IPAQ) (more below). According to IPAQ protocol, PA is classified into four intensity levels: 1) vigorous, such as fast cycling for training; 2) moderate, such as regular cycling for commuting; 3) walking; and 4) sitting. Particular focus is given to levels 2 and 3 as being where dependence on an environment to increase levels of PA can be significantly influenced.
Land use
The spatial distribution of land use is a known planning factor with major implications for health, as it affects travel behavior by altering the costs and convenience of each mode (M. Cervero & Kockelman, 1997; L. D. Frank, 2004; Handy, 2004) . Proximity between residence and jobs and services leads to more walking and cycling (Hanson & Schwab, 1987; Kockelman, 1997) . The geographical separation between areas with different land use implies increased vehicle miles traveled (Marlon Boarnet & Randall Crane, 2001 ; R. Ewing & Cervero, 2001; Holtzclaw, Clear, Dittmar, Goldstein, & Haas, 2002) , which is associated with air pollution (Lawrence D Frank, Stone, & Bachman, 2000) .
Destination prevalence and diversity represent measures of access and availability of services and, hence, are hypothesized to facilitate walking for transport (Van Cauwenberg et al., 2011) .
Urban design
In addition to land use mix, other urban design features are related to PA. The presence of sidewalks forming a continuous network is associated with walking (Cervero & M a n u s c r i p t 5 Kockelman, 1997; Hess, Moudon, Snyder, & Stanilov, 1999; Kitamura, Mokhtarian, & Laidet, 1997) . Appropriate lighting is also related to levels of walking (Cervero & Kockelman, 1997; Fotios, Unwin, & Farrall, 2015) . Design features have been directly linked to health indicators such as body mass index (BMI) (Lawrence D. Frank et al., 2006) . The quality of pedestrian facilities is crucial to encouraging walking, even when density and land use mix are favorable (Hess et al., 1999) .
Vehicular impact
The choice of a mode of transportation which relies heavily on comfort and a lack of a cohesive public transportation network results in heavy use of private cars. These are vehicles with internal combustion engines, which release nitrogen oxides and volatile organic compounds (Lawrence D Frank et al., 2000) , which react with sunlight to form harmful ground-level ozone (Boubel, Fox, Turner, & Stern, 1994) . In high concentrations, ground-level ozone can trigger complications of the respiratory tract such as shortness of breath and asthma (Bell, McDermott, Zeger, Samet, & Dominici, 2004) . The use of private vehicles is therefore associated with an increase in emissions, resulting in raised concentrations of air pollutants such as ozone, thus increasing exposure to the associated health hazards (Frank et al. 2006) .
In summary, the evidence seems to suggest that physical activity such as walking or cycling for transportation (walking towards a destination as opposed to walking for recreation) has been designed out of our daily lives (Jackson, 2002) . Density, diversity and design seem to be the key elements in the built environment that in correct balance can promote and sustain mobility by walking (Cervero & Kockelman, 1997) . As public health concerns have a major influence on planning and design agendas, based on evidence from research on transportation and land use, the promotion of walking as a means of transportation or for increasing accessibility has become the focus of interventions in the built environment.
Confidence in transportation findings is enhanced by the consistency of results (Reid Ewing & Cervero, 2010; Saelens, Sallis, & Frank, 2003) . Concurrent research on planning and urban design also provides unambiguous evidence. These findings were absorbed by planning movements such as New Urbanism (Charter for the New Urbanism, 2000) and smart growth (APA, 2002) . The Charter articulates the principles of New Urbanism, and the movement focuses on human-scale urban design with a strong sense of community. According to the Smart Growth Network (2014), Growth is considered smart when it results in great communities, with more choices and personal freedom, good return on public investment, greater opportunity across the community, a thriving natural environment, and a legacy we can be proud to leave our children and grandchildren.
Both New Urbanism and Smart Growth focus on a rich land use mix and the development of walking amenities to support active lifestyles. The core of this approach is the Construction methods and materials are continually improving the thermal comfort of buildings, thus providing more effective shelter from the climate (Sobal, 2002) . The implications of added comfort are manifold. The exposure to an uncomfortable environment becomes less frequent and increasingly avoidable, as new comfort levels are sought, such as driving to work in an air-conditioned vehicle rather than walking while exposed to the weather. When considering the application of New Urbanism and smart growth principles to the Arabian Peninsula, the solution of increasing activity levels by increasing the mode share of walking and cycling may be limited by the climate. In Alfonso's (2005) Pyramid of the Hierarchy of Walking Needs, feasibility constitutes the base, including factors such as age, health, and physical mobility. For some, high temperatures can be a limitation at this level, for others it might be a matter of comfort, in any case compromising any investments at other levels of the pyramid, such as accessibility, safety, and pleasurability.
The Impact of Temperature on Levels of Physical Activity
A c c e p t e d M a n u s c r i p t High ambient temperatures are known to have a physiological impact on the human body (Parkin, 1999) , which is likely to influence performance and therefore activity levels. Ozgunen (2010) report a significant drop in the total distance run by football players in hot temperatures. In a study of objective measurements of physical activity and weather, Chan et al. (2006) find "modest weather effects" on physical activity in the built environment context. However, such findings refer to exposure to a temperature range of -10°C to 20°C (monthly averages). In the context of the Middle East, Henry et al. (2004) refer to high ambient temperature as one reason for the lack of physical activity among young females in the United Arab Emirates. This study does not objectively measure the effect of temperature, however, instead presenting it as empirically likely.
Advancements in biometeorology and urban climatology over the past decade have facilitated the growth of research on outdoor thermal comfort around the globe (Chen & Ng, 2012) . Studies have focused mainly on two aspects: a) modeling and assessment methods from the thermo-physiological perspective, and b) climatic parameters of thermal comfort (Chen & Ng, 2012) . The Predicted Mean Vote-Predicted Percentage Dissatisfied (PMV-PPD) method, which forms the basis of regulatory standards for environmental conditions in the built environment such as ISO 7730 (2015) and ASHARE55 (Ashrae, 2013) , is a common method of evaluating thermal comfort outdoors (Chen & Ng, 2012) . The Physiological Equivalent Temperature (PET) is another such method, which has shown stronger results than the PMV in outdoor environments (Chen & Ng, 2012) . The PET method (output degrees Celsius) is more intuitive to interpret for non-experts in meteorology (Chen & Ng, 2012) , making it suited to the context of planning and design of the built environment.
Research findings point to a yearly thermal acceptance range in Europe of 21.3-28.5℃ (70.34-83.3℉) PET, which contrasts with the acceptable range for hot and humid climates of 18-23℃ (64.4-73.4℉) PET (Chen & Ng, 2012) . Parameters such as 'naturalness' and 'past experience,' which are elements of the model developed by Nikolopoulou and Steemers (2003) , are likely explanations for the difference in the magnitude of the ranges and the difference between the maximum values. The model consists of three levels of thermal adaptation: physical, physiological and psychological. Therefore, PET values should be experimentally investigated locally. Consequently, the references mentioned are used as rough guides. 'Ali, Safra, MadinatHamad) . Dedicated outdoor walking facilities are built in new residential areas, and progressively developed in older neighborhoods. Furthermore, the country has beautiful corniches and other quality outdoor public recreation areas (Figure 2 a, b) . Nonetheless, an indoor shopping mall is listed 4 th among the best places to walk in the country (Timeout Bahrain, 2016) . It seems likely that during approximately half of the year, the opportunity to pursue physical activity outdoors is limited, although more research is necessary to investigate the details of such limitations. It is common to find citizens walking outdoors in purpose-built and vacant areas around sunrise and sunset, even during the hot season. The oldest cities of Bahrain (Muharraq and Manama) have a dense road network, as illustrated in Figure 1 . Under formation and growth is Riffa, which presents similar levels of street density. Nonetheless, Muharraq, with its irregular street geometry, is mostly composed of buildings with 1 to 3 floors. Manama has a rectangular street grid and buildings with 5 floors. Riffa, a combination of regular and irregular grids is mostly comprised of buildings with 1 to 3 three floors (Figure 2 c) . Some streets lack sidewalks (Figure 2 c, d ), which implies a lack of continuity of the pedestrian network, which makes it difficult to be mobile by walking.
(" Figure 2 here") According to official records, during six months of the year, the monthly average temperature in Bahrain is ≥ 30°C (86°F) (April-October), as documented in Table 1 . The monthly average high is ≥37°C (99°F) for five months (May-September), and the monthly average minimum is > 30°C for four months (June-September). Also note the relatively high relative humidity values throughout the year.
(" Table 1 here")
The local PET reference has not yet been identified, and since per Nikolopoulou and Steemers' (2003) model it includes adaptation by contextualization, it is hard to estimate. However, it is likely that its top range will not be very different from that of Europe (28.5℃), or even lower, as found in warm and humid climates (23℃). Therefore, reaching the desired levels of activity outdoors for six months (May through October) would represent an average of 52 minutes of walking per day in average monthly temperatures ≥ 30 ℃. These average values imply even higher temperatures between sunrise and sunset, which would be incompatible with a top PET range likely to be in the mid to high twenties.
It is possible to increase the thermal comfort of the pedestrian microclimate through the careful design of urban streets (Pinelo Silva, 2017) . The manipulation of street orientation (in relation to the sun path) and the geometry (width/height aspect-ratio) are effective climate mitigation strategies (Ali-Toudert & Mayer, 2006; Mayer & Höppe, 1987) .
M a n u s c r i p t
According to the authors, streets with a high aspect ratio (building height/street width) provide a more comfortable microclimate. Examples of these can be found in older Bahraini centers and in recent vertical housing estates. Research carried out locally may provide crucial planning and design guidelines to maximize the daily and seasonal comfort periods of outdoor areas, considering the local PET range.
Building design can enhance physical activity. Stair usage is recommended as a way to increase physical activity (Pate et al., 1995) . Evidence shows that 'skip-stop' lifts (which stop every fourth floor) and 'skip-stop' stairs (which serve the floors not directly served by a lift) can increase stair usage by 33-fold (Nicoll & Zimring, 2009) , while not increasing building costs. Encouraging signs (Andersen, Franckowiak, Snyder, Bartlett, & Fontaine, 1998; Blamey, Mutrie, & Aitchison, 1995; Kerr, Eves, & Carroll, 2001) , as well as painting, coloring and music (Kerr et al., 2001) , can also be used to increase stair usage, and therefore PA levels.
Other Particulars of the Arabian Peninsula
Apart from the climate, the region shares other characteristics, such as large expatriate populations. According to the United Nations, the population of Bahrain was estimated at 1,344,000 (2014), with 54.8% of foreign origin in a majority urban population (89%) (United Nations World Statistics Pocketbook, 2016).
Arabs form the largest ethnic group in Bahrain with 50.7% of the total population, which is 70% Muslim (CIA: The World Factbook: Bahrain, 2014/15). Research has highlighted these characteristics as potentially influencing inactivity levels and life in the public realm. Mabry et al. (2010) reported levels of inactivity to be as high as 61.0% and 73.7%, among males and females, respectively, in a review of the evidence on physical inactivity in five countries of the Arabian Gulf region, summarized in Table 2. (" Table 2 here")
In a study of adolescents in seven Muslim countries, females faced more barriers to engaging in PA than males (Musaiger et al., 2013 ). An enabler of physical activity among women was the social support of having another woman to walk with (Ali et al., 2010) .
However, in a study involving 94 non-Muslim countries and 38 Muslim countries, of which half were Arab League members, Kahan (2015) reported that non-Arab Muslim countries were as physically active as non-Muslim countries (Kahan, 2015, p. 74) , both of which were more active than Arab countries. This study puts aside religion as a possible covariant for physical inactivity. Regional studies taking into account the comprehensive M a n u s c r i p t local context are paramount to understanding what are the best strategies to address inactivity in the region. According to the WHO, globally, the prevalence of physical inactivity rises with income (Alwan, 2011) , which makes the region vulnerable. Inactivity-associated heart disease and stroke were two of the top five causes of death in Arab countries in 2010 (Rahim et al., 2014) . Diabetes mellitus is already having a considerable economic impact in the region (Al-Rubeaan, 2014 ).
Under such climatic, cultural and economic circumstances, it appears that the regional approach to mitigating physical inactivity via the built environment should include solutions beyond walking and cycling for mobility, for instance including PA in daily routines by way of leisure activities, although this may require culture-sensitive facilities in some countries. Such approach is being developed in Bahrain through the inclusion of dedicated outdoors leisure/walking areas in neighborhoods.
The existence of high inactivity levels in Bahrain has been diagnosed by the Ministry of Health of Bahrain within the WHO STEPS program (which studies the risk factors for national non-communicable diseases), based on a survey from 2007 published in 2009 (STEPS, 2009) .
METHOD Research Questions
In the context of the application of smart growth principles such as the promotion of physical activity (PA) in daily transportation routines in the Arabic Peninsula, it becomes necessary to measure how the design of the built environment contributes to PA. Considering that the climate might have an effect on the amount of PA carried outdoors, two questions need answering:
• How much health-inducing exercise is performed outdoors?
• Is there a seasonal variation in the amount of exercise carried outdoors? The answer to the first question reveals the current dependence on indoor environments for carrying out PA. The answer to the second question reveals the extent to which the weather may be responsible for the fluctuation in PA carried outdoors.
The present study also aims at establishing a baseline relationship between PA and the built environment in the sense of the reliance of individuals on indoors to be physically active. The proportion of activity carried outdoors and indoors during the cool season was appraised with a standardized instrument for measuring PA, complemented by questions which placed activity in their indoors/outdoors context. The data collection of the STEPS program (conducted in Bahrain in 2009) took over one year to complete and did not account for possible seasonal variation. To account for this, it is necessary to take repeated measurements on a seasonal basis. This is crucial to measure the possible role of the climate in the dependence on indoor environments. Therefore, one goal was to find a method that could prove reliable and practical for monitoring on a seasonal basis. A A c c e p t e d M a n u s c r i p t useful classification of activity performed indoors versus outdoors relies on a reliable classification of activities, which implied a standardized approach. Finally, to ensure the quality of the monitoring data, it is necessary to use an instrument with proven test-retest reliability.
The Instrument
Numerous instruments can be used to measure physical activity, including self-reporting questionnaires, heart rate telemetry, direct observation, indirect calorimetry and movement sensors (Montoye, 1996) . None of the methods are perfect , and their limitations have been documented by Shephard (2003) . In spite of the desired objectivity and unobtrusiveness of contemporary accelerometers (Freedson & Miller, 2000) , their upfront cost influenced the decision to use questionnaires in this exploratory study. From the several available choices, the International Physical Activity Questionnaire (IPAQ) was selected. Created as a tool for assessing physical activity based on a global standard (Craig et al., 2003) , the IPAQ has international validity, which rests on its ability to be utilized in cross-cultural contexts. Cross-cultural validity is relevant due to two aspects: first, the cultural diversity of the population of Bahrain, where expatriates make up almost 55% of the population (CIA, 2014/15); second, it opens the possibility for cross-border studies, which can be particularly interesting within the region.
The IPAQ is a standardized self-reporting measure of normal levels of physical activity of a population. It has been found to have a positive 0.30 Spearman correlation 1 with accelerometer-measured activity (Craig et al., 2003) . It was initially evaluated in 14 studies and found to have good test-retest reliability (Lawrence D. Frank et al., 2006) . The IPAQ has since become the most widely used PA questionnaire .
The IPAQ has two versions: a long form with 31 questions and a short form (IPAQ-SF) with 9 questions. The IPAQ-SF was chosen for this pilot study to ease the burden on participants and increase the likelihood of successful data collection in a time-sensitive context, in particular given that the comprehensive STEPS study (STEPS, 2009 ) has been conducted previously, providing a strong national-scale view of the problem. The ability to measure activity levels in a time-sensitive manner is critical to allow weatherdependent follow-up. The IPAQ-SF records PA at four intensity levels: 1) vigorous, such as fast bicycling; 2) moderate, such as regular cycling; 3) walking; and 4) sitting.
M a n u s c r i p t
Questions regarding the number of days and the daily amount of time spent on each activity category are answered based on the previous seven days, as recommended by the original authors. Only bursts of activity lasting longer than 10 minutes are reported. Participants also reported the average time spent sitting per day. The IPAQ Research Committee recommends a three-level categorical classification (high, moderate, low) resulting from the numerical analysis of METS. To measure what proportion of the activity takes place indoors versus outdoors, a second set of questions was added to the otherwise non-altered IPAQ-SF, asking the subjects to declare the proportion of exercise performed outdoors for each of the IPAQ-reported activities.
In this study, the following sampling methodology was used: participants were selected at random (e.g., third person appearing around the corner), by trained graduates, from a preselected list of locations (indoors and outdoors), with data being collected at different hours. Since one aim of the study was to measure the national baseline of PA, the locations were chosen to ensure national coverage, rather than tie up participants to their residential areas. Therefore, the locations were in popular national-level non-residential areas. In particular around and in the largest malls and parks and the central market. Due to the geographical dimensions of the mainland, in Bahrain, many places of frequent weekly use have a national catchment area. The survey was run a total of four times, during the winter, between December and February, and in the summer, between June and middle of September, during 2015-17, therefore including two winters and two summers. The questionnaire was prepared in Google forms and presented on a tablet that was handed over to the subjects, after a brief explanation of the study. The survey was never carried out during, or the week leading to or following, Ramadan.
Data Analysis
Data were processed according to the IPAQ scoring protocol as designated by the IPAQ Research Committee (2005) and included data cleaning, excluding bouts of less than 10 minutes, excluding outliers, data truncation, and computing MET minutes per week (MET-min/w) scores. The latter involves weighing the total weekly time spent per activity according to each activity's energy requirements as defined by MET, which is a measure of the energetic cost of an activity. The IPAQ scoring protocol assigns the following MET values to vigorous exercise, moderate exercise and walking: 8.0 MET, 4.0 MET, and 3.3 MET, respectively (IPAQ Research Committee, 2005) . BMI was computed by dividing a subject's self-declared weight in kilograms by the square of his/her height in meters. Therefore, the BMI reporting unit is kg/m2.
According to the IPAQ-SF protocol, the data for the 1748 participants was cleaned during the preliminary analysis, resulting in the removal of 389 outliers (n=389, 22% -defined as individuals with weekly activity over 960min). The data for the actual subjects (n=1359) was truncated at 180 minutes per week for each activity intensity (vigorous, moderate, walking). Due to their non-normal distribution, the median and interquartile M a n u s c r i p t 13 range (IQR) are used to report both body mass index and MET-min/w, as recommended by the IPAQ Research Committee (2005) . The full analysis was performed on 1359 subjects; half of which are female (n=678, 50%). According to IPAQ protocol, the age range is15-69, and have a mean of 35 (SD=13). The mean height is 1.67m (SD=0.09), and the mean weight 68kg (SD=17). The median body mass index (BMI) is 23.89kgm2 (IQR=5.27) (mean=24.76, SD=4.89).
RESULTS

Findings
The survey revealed that the total contribution of outdoor PA considering MET-min/w was approximately 39%, as shown in Table 3 . Of the 39% of activity carried out outdoors, 25% was carried out during the winter, nearly twice as much as the contribution from summer at 14%. As for the dominant type of exercise outdoors, walking accounts for 20% of the total of 39%. Males carry out a larger percentage of Vigorous and Moderate activities outdoors. The same with walking in the summer; while in the winter males and females report similar levels of walking outdoors.
("insert Table 3") While comparatively modest proportions of vigorous (34%) and moderate (27%) activities were reported to have taken place outdoors, walking did take place outdoors over half of the time (55%) ( Table 4 ). The winter dominates exercise outdoors in all three categories, though the difference in walking is less accentuated, with 42% of walking taking place outdoors in the summer, while 67% in winter. Males tend to carry out more exercise outdoors both across seasons and activity types. The largest behavioral difference between genders is on moderate activity, with males performing over 4 times the amount of female exercise outdoors during the summer.
("insert Table 4") Participants reported a median of 754 MET-min/w and an interquartile range (IQR) of 720 for all activity. The median MET-min/w for the various activities was 0 min/w of vigorous activity (IQR = 640), 0 min/w of moderate-intensity activity (IQR = 600), and M a n u s c r i p t 14 396 min/w for walking (IQR = 495). Inferring reported activity to the population without assumption on the population standard deviation, the estimated values of the population means at 95% confidence level, are within the following confidence intervals:
• BMI: 24.06 ≥ M ≤ 24.67; t test(t = 155.55, df = 1358, p < .001).
• Vigorous Activity per Week (minutes): 38.17 ≥ M ≤ 45.43; t test(t = 22.61, df = 1358, p < .001).
• Moderate Activity per Week (minutes): 59.77 ≥ M ≤ 67.94; t test(t = 30.67, df = 1358, p < .001).
• Walking per Week (minutes): : 99.65 ≥ M ≤ 107.46; t test(t = 52.02, df = 1358, p < .001).
• c c e p t e d M a n u s c r i p t 15 sample (52%, n=707) presents low activity levels (less than the minimum recommended), while 38% (n=516) engage in a moderate degree of exercise, and 10% (n=136) in high measures of physical activity. Seasonality seems to have a mild role in terms of the fluctuation of population between categories. The percentage of population below the minimum recommended levels of activity in the summer is 57%, while in the winter is 44%. The categorical classification of the population follows the IPAQ cut-off points (IPAQ Research Committee, 2005, p.5):
• High: a) vigorous intensity on at least 3 days achieving a minimum total physical activity of at least 1500 MET-min/week; or b) 7 or more days of any combination of walking, moderate-intensity or vigorous-intensity activities achieving a minimum total physical activity of at least 3000 MET-min/week.
• Moderate: a) 3 or more days of vigorous-intensity of at least 20 minutes per day; or b) 5 or more days of moderate-intensity activity and/or walking for at least 30 minutes per day; or c) 5 or more days of any combination of walking, moderateintensity or vigorous-intensity activities achieving a minimum of at least 600 MET-min/week.
• All individuals whose activity is below the minimum criteria for the Moderate classification shall be classified as Low.
The percentage of population who engage in a moderate level of exercise is 31% during the summer and 46% during the winter. The percentage of population who engage in high levels of exercise is 12% in the summer and 9% in the winter. Gender differentiation reveals 57% of the female population and 47% of male population below the minimum recommended levels of activity. 36% of females perform moderate levels of activity, to 39% of males. 7% of the female population perform high levels of activity, to 15% of male population.
The results also show relatively high levels of BMI, which often relate to high levels of inactivity. According to the WHO cutoff points, 55%(n=752) of the sample has normal weight, while 39% (n=526) is overweight (BMI ≥ 25 kg/m2), and 11% (n=146) of individuals were obese (BMI ≥ 30 kg/m2)(Appendix Table 2 ). There weren't marked differences in terms of BMI across genders, with the exception of underweight, with 10%(67) females to 2%(14) males.
Study Limitations
Despite being recommended and widely used, the IPAQ-SF is not without limitations, most of which are rooted in its self-reporting nature. On a systematic review of 23 validation studies of the IPAQ-SF, Lee et al. (2011) conclude that although typically the correlations between overall activity reported and objectively measured activity are low, correlations between walking and vigorous activity are consistently within an acceptable A c c e p t e d M a n u s c r i p t 16 range. Furthermore, the authors argue that although the overall magnitude of activity levels might not be accurate, the proven test-retest reliability of the IPAQ-SF makes it adequate for repeated measures studies (P. H. Lee et al., 2011) . Because the central aim of this study was to gauge the amount of walking in a standardized manner allowing for time-sensitive repeated measures, the instrument is adequate. In addition, the ability to compare results internationally makes it truly useful for comparisons across cultural milieus. Moreover, the potential misrepresentation of the magnitude of activity declared is typically unidirectional, leading to an overestimation of activity levels by a cross-study mean of 106% (P. H. Lee et al., 2011, p.9) .
Although the method for the recruitment of participants used and described above would not be ideal for measuring inactivity levels, it serves the objective of this study, which is to measure the level of PA carried outdoors and indoors. Since the questionnaires have only been served in public spaces (and not at home), the presence of a bias due to the sampling method would imply over reporting of activity, which implies that the levels of inactivity would be higher than reported. Furthermore, because the IPAQ protocol makes use of outlier removal and data truncations, as described in the appendix, the risk of active subjects biasing the sample is limited. Nonetheless, the self-reporting bias associated with the possible bias of surveying subjects who are not at home, is likely to influence results in one direction: under-reporting inactivity levels. Therefore, the results regarding inactivity levels should not be taken as a follow up of the previous STEPS study (STEPS, 2009) , and the latter should remain the reference for inactivity levels. The limitations arising from a bias in self-reported data regarding body measures are well known (Gorber, Tremblay, Moher, & Gorber, 2007) , typically resulting in underestimates of BMI (Ward et al., 2016) . Once more, the misrepresentation is unidirectional, and the real situation is therefore likely to be under-reported.
Discussion
Endemic levels of physical inactivity throughout the developed world constitute a threat to public health. However, the planning and design of the built environment can modify lifestyles to correct such trend. Typical strategies to achieve this goal focus on increasing walking as means of transportation. This study explores the challenges and opportunities of such approach in the region of the Arabian Peninsula, where the climate and cultural determinants influence the use of outdoor environments.
In the process of measuring the dependency on indoor environments to carry out physical activity and discuss smart growth strategies, this paper discusses the health of the general public and physical inactivity, including a summary review of the evidence linking physical activity (PA) to the built environment. The Kingdom of Bahrain, which is actively addressing such issues, is introduced as a regional case study, summarizing the M a n u s c r i p t generic climatic and socio-cultural context. An international standard survey is used to measure PA and the proportion of it that is performed outdoors and indoors in both summer and winter.
The context of the Arabian Peninsula presents a series of challenges and opportunities, as identified through this case study. The survey identified a high level of dependence on indoor environments for being physically active, reporting that 61% of the PA takes place indoors and only 37% of MET reported activity took place outdoors, even during the pleasant winter temperatures, and sporadic rain.
The difference between walking that takes place outdoors in the summer (42%) and in the winter (67%) suggests the role of the weather on outdoor activities. It should be stressed that, such difference between winter and summer is smallest in walking, perhaps suggesting the utilitarian (likely for transportation) nature of some of the walking. The 67% of walking taking place outdoors in the winter suggests the extent to which the built environment supports walking. However, the outdoor walking reported does not differentiate types of walking, such as for circulation and for recreation, which would be useful for the purpose of better measuring the role of the weather on walking and therefore the support of the built environment for utilitarian walking. Recreational walking is supported by an increasing number of new dedicated facilities.
The study also reports high levels of inactivity (52%). The IPAQ component of the survey confirms high inactivity levels though more modest than the extremely high levels reported in the STEPS study (STEPS, 2009 ), as shown in Table 2 . However, the studies should not be compared directly as they use different questionnaires and protocols. Furthermore, as the STEPS study presents a more robust sample size and method to measure inactivity levels, it should remain the reference concerning such values. Furthermore, as mentioned in the limitation of the study, the IPAQ was not served at home, but in public places, which can bias the sample towards more active subjects. Nonetheless, the IPAQ-SF baseline values can be used to monitor seasonal variations, which was not possible with the STEPS study, and a) eliminate the weather as variable of influence of PA outdoors, and b) eventually measure the impact of changes in policy. A median BMI of 23.91 kgm2 (IQR=5.85), with 41% of the sample being overweight and 15% being obese, validates high inactivity levels.
The pleasant climate from November to April presents ideal outdoor conditions with little rain and average temperatures ranging between 14℃ and 26℃, as documented in Table  1 . During this part of the year, the pedestrian could easily base daily transportation needs on walking outdoors, if the built environment supported that. Therefore, the creation of mixed land use and a continuous pedestrian network as advocated by the New Urbanism and Smart Growth is useful. However, walking for transportation during the warm part of the year might be challenging, suggesting that some level of PA might be pursued indoors. Nonetheless, even if walking outdoors is not sufficient to reach recommended M a n u s c r i p t levels of PA during the summer months, a microclimate-conscious design of the pedestrian domain should be a priority, complemented by the use of PA-promoting design features in buildings.
The reliance on indoor environments, particularly important during the warmer season, emphasizes the responsibility of architects as designers of buildings. Simultaneously, such accountability affords the designers the opportunity to create innovative healthpromoting design features, such as skip-stop lifts and stairs. Feature-rich designs that promote PA could leverage activity levels throughout the year and help to achieve the minimum recommended 52 minutes of walking per day during the warmer part of the year. Opportunities for creativity extend throughout all types of workplaces, not only office buildings. Commercial areas, such as shopping centers, which tend to have good walking conditions, could be available during an extended period. This is current practice in several shopping centers in the Arabian Peninsula, which organize mall-walking periods. However, this solution does not constitute walking as means of transportation. Furthermore, the need for indoor environments to exercise could extend to the creation of a new building typology dedicated to such activities, and/or the development of corridors for circulation by walking/cycling, with commerce and other amenities typically found in outdoor areas.
Challenges and Suggestions
Challenge:
The design of pedestrian infrastructure should be optimized to create a comfortable microclimate, namely, by mitigating high temperatures and therefore maximizing the use of outdoor areas throughout the year and widening the daily time-span of use during the warm season.
Suggestion: A comfortable microclimate for the pedestrian can be achieved through urban planning and design, considering street orientation and aspect ratio (Ali-Toudert & Mayer 2006 )(Pinelo Silva 2017 . However, it is not certain that such efforts can be sufficient for the provision of infrastructure (including microclimate) that can serve the population throughout the year. It seems likely that some degree of dependence on indoor facilities will remain, and therefore special attention should be given to the design of buildings.
2. Challenge: The ongoing creation of leisure walking/exercise areas within neighborhoods that is taking place in Bahrain, is supplementing a number of corniches and other quality public spaces developed since the 1980's. The results of the survey indicate no gender difference in terms of the percentage of walking outdoors; suggesting that, in Bahrain, there is no need for gender-dedicated outdoor facilities. Though research discussed above suggests that this is not the Suggestion: An interconnecting network could extend their role, while reducing the stress on road traffic. Easing road traffic is being pursued through the current overhaul of the public transport system initiated by a comprehensive network of ultra-modern air-conditioned buses with Wi-Fi. Nonetheless, the emphasis on walking for circulation is relevant because it is double-edged: it reduces road traffic, while increasing PA.
3. Challenge: Reflecting "on the potential for health geography," Andrews et al. (2012) provide a framework to analyze relationships between health and the built environment, which has five components: 1) human-made physical features, such as land use and urban design features; 2) environmental features, such as topography, pollution and climate; 3) socio-cultural features, such as the avoidance of areas of perceived danger or the existence of clubs promoting exercise; 4) socio-political features, such as the propensity of certain groups (e.g., cyclists) to exert pressure to develop dedicated infrastructure; 5) cognitive and perceptive concerns, such as creating a spiritual escape or a therapeutic experience, or building self-identity and confidence (Andrews et al., 2012 (Andrews et al., , p.1930 .
Suggestion: Considering the potential of each of the five dimensions in the particular context of the region may be a powerful approach to identifying and prioritizing research questions that can inform the development of the built environment in pursuit of established public health goals.
4. Challenge: Addressing the regional levels of physical inactivity through the built environment poses some challenges as well as significant opportunities. The region under consideration seems to have highly favorable climatic conditions that may comfortably enable the population to reach healthy levels of physical activity by walking for transportation (approximately 52 minutes per day on average) during the cool time of the year (October to April).
Suggestion: This period could potentially be extended through microclimateconscious design of outdoor pedestrian environments. This implies a comprehensive pedestrian network and mixed land use. However, between May and September, with monthly average temperatures over 30 , achieving such levels of activity would be uncomfortable. Careful street planning and design can assist in creating a favorable microclimate, but dependence on indoor environments is likely unavoidable. At this moment, this seems to be the case even during the cool season when 60% of declared activity took place indoors (86% during summer, and 75% during winter). The reliance on buildings requires A c c e p t e d M a n u s c r i p t 20 architects to widen the palette of design features that promote PA, and their extensive use. A high BMI reflects higher calorie intake than expenditure. Nutrition counseling could also have a relevant role in addressing weight issues.
5. Challenge: The least seasonal difference within activities is with walking (Table  4) , perhaps emphasizing its utilitarian nature, however, restricting the scope of urban planning for an active life to promoting walking for transportation might not be enough to reach recommended activity levels all year round.
Suggestion: Even though the creation of a comfortable microclimate outdoors might not be possible for some periods of the year due to the climate, prioritizing the optimization of thermal comfort at street level seems to be an obvious need.
6. Challenge: Curbing inactivity exclusively through moderate PA and walking for transportation or for access seems to have limited potential in the Arabian Peninsula due to high temperatures and cultural milieu.
Suggestion: A microclimate conscious design of the pedestrian domain should be a priority, accompanied by the use of PA-promoting design features in buildings. Strategies to reverse this trend rely on policies and guidelines that focus on increasing the mode-share of physically active transportation, such as walking and cycling.
7. Challenge: The dependence on the indoor built environment suggests that the region would benefit from:
Suggestion: a) creative indoor design solutions for encouraging PA. A subchallenge here is that health-induced PA, as described by the IPAQ protocol, implies bouts of activity with a minimum duration of 10 minutes, which might be challenging to achieve in some office buildings; b) promoting mixed land use; c) developing a comprehensive transport and pedestrian network, and d) mitigating adverse climate at street level to create a favorable microclimate.
Future Research
Further insight on the relationship between the built environment and physical activity in the region could focus on the effects of neighborhoods with distinct features. Such approach could be useful to the development of both policy and planning and design. The suggested dependency on outdoor environments and leisure for reaching recommended PA levels might put economically vulnerable segments of the population at higher risk. Including more demographics data such as household income could perhaps be useful to explore this possibility. A variation of the IPAQ designed to study adolescents could be M a n u s c r i p t 21 used to target this population segment, as in Hagströmer et al. (2008) . Future research could include a longitudinal study of the relationship between objective measures of physical activity and weather as developed by Chan (2006) in Canada. The regional study of heat mitigation strategies for pedestrian environments clearly requires further research. The physiological equivalent temperature range for each country in the region should be measured in order to offer objective goals to climate-mitigation during design. Because the thermoregulatory capacity of the human body decreases with age (Scremin & Kenney, 2004) , an aging population is increasingly vulnerable when exposed to high temperatures. This could be studied through a different questionnaire targeting the population over 69 years old, which is the age limit for the IPAQ-SF. This is especially relevant as a recent comprehensive literature review providing a synthesis of the evidence between the relationship between the built environment and the elderly suggests that some built environment variables may impact on health of this group, emphasizing that there is need for further investigation (Garin et al. 2014) . Finally, demand exists for new creative ideas to extend the palette of design features of PA-inducing design solutions. In conclusion, the region presents a wealth of opportunities for research and for creative design practice.
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